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We invited Tom Humphreys to Cambridge in 1976, for 
an EMBO workshop on translational control; Tom 
worked on protein synthesis in sea urchin eggs. I lent 
him my yellow bicycle (in those days, you couldn't rent 
bikes in Cambridge) and we became friends. Tom was 
director of the Embryology Course at the Marine Biologi- 
cal Laboratory (MBL), Woods Hole, and asked if I would 
like to teach there next summer. Iwas thrilled; ever since 
I heard Henry Borsook talk about it in 1965, I had wanted 
to study protein synthesis in sea urchin eggs, impossible 
in land-locked Cambridge. So with some trepidation, 
and knowing no embryology, I went to teach at the MBL 
in June 1977 and started to learn how to work with sea 
urchin eggs. Howy Jacobs came as my assistant. The 
course was extremely well set up for looking at early 
embryos, but almost completely lacking in equipment 
for molecular biology. No gel tanks, no Eppendorf tubes, 
no liquid nitrogen, no -80 ° freezers. It was an enjoyable 
summer, and I learned a lot about sea urchin eggs and 
their fertilization, but no serious molecular experiments 
were done. 
I returned to teach at the MBL in 1979, and this time 
could be more productive, being better prepared. I 
packed my suitcase full of Eppendorf tubes and tips 
from home, even a peristaltic pump and crucially, gel 
tanks, plates, combs, and silicone rubber gaskets. In 
those days, too, one could travel on planes with a poly- 
styrene bucket full of dry ice and rabbit reticulocyte 
lysate; the agricultural inspectors were perfectly com- 
fortable with rabbit blood. Ed Southern had the lab next 
door, Dennis Ballinger and I studied ribosome phos- 
phorylation in response to fertilization, and Eric Rosen- 
thai and Joan Ruderman discovered the striking 
changes in the pattern of protein synthesis that occurred 
when clam oocytes were fertilized. Andrew Murray was 
a student on the course, and John Gerhart gave a semi- 
nar on MPF, which he described largely from a biochemi- 
cal perspective; here was the enzyme that catalyzed 
entry into mitosis, and it sounded temptingly (if challeng- 
ingly) amenable to further study. But translational con- 
trol was what I wanted to understand. 
Next summer I switched to the Physiology course, 
with Ken van Holde as Director, who invited people like 
Howard Schachman to lecture. It was a revelation to me 
that physical biochemistry could be so much fun. The 
physiologists encouraged more doing and less talking 
than the embryologists, and the course was also better 
equipped and funded. We set up a small crowded labo- 
ratory that was well organized for looking after sea ur- 
chins and running acrylamide gels. Andrew Murray 
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made a breakthrough when he realized that it was not 
necessary to add SDS to the mixes that formed the 
gels, so that they could be stored in the fridge. Nobody 
believed him until we did the actual experiment and 
couldn't ell the difference. Of course, the SDS is nega- 
tively charged and runs faster than any protein. 
By 1982, Joel Rosenbaum had taken over as Director, 
and the constellation of instructors hifted towards more 
cell biological approaches. There was an amusing ten- 
sion between nucleus and cytoplasm, with protein syn- 
thesis and its practitioners belonging, intellectually 
speaking, in the nucleus. But things were not going well. 
All the simple hypotheses about what activated protein 
synthesis in sea urchin eggs had been disproved, the 
control of mRNA "unmasking" in clam oocytes was as 
mysterious as ever, and we had almost run out of ideas. 
It was thus a good moment to perform a simple experi- 
ment: to compare the patterns of protein synthesis in 
parthenogenetically activated and fertilized sea urchin 
eggs. I took samples of fertilized eggs, metabolically 
labeled with [~S]methionine, at regular intervals into tri- 
chloroacetic acid, dissolved the precipitates in SDS gel 
buffer, and analyzed them on a 1 -D SDS polyacrylamide 
gel. The resulting autoradiograph of the dried gel was 
extraordinary, for a 55 kDa protein, the most highly la- 
beled at early times, declined abruptly in its intensity at 
about the time the fertilized eggs divided. The autoradio- 
graph was hardly dry when I ran into John Gerhart, who 
happened to be in Woods Hole that weekend. Iexplained 
this result, and he told me about the experiments he, 
Marc Kirschner, and Mike Wu had been doing, measur- 
ing MPF levels during frog oocyte maturation. Although 
protein synthesis was not required for the very first ap- 
pearance of MPF (when triggered by a priming dose of 
MPF), cycloheximide always inhibited subsequent acti- 
vation of MPF. Nobody had ever thought about proteoly- 
sis as a mechanism for resetting MPF, but there it was 
in black and white on the autoradiograph, providing a 
simple explanation for the cycloheximide result. 
Tom Evans, a medical student in Cambridge who had 
done his undergraduate lab project with me that spring, 
accompanied me to the MBL that summer. He and I 
quickly found that cyclin went away a few minutes before 
cytokinesis and came back soon afterwards (see Figure 
1). Its oscillations persisted for several hours after fertil- 
ization, as we could show by pulse-chase experiments 
using the protein synthesis inhibitor emetine. The saw- 
tooth changes in level resulted from constant synthesis 
punctuated by sudden proteolysis, as pulse-labeling 
demonstrated, and right from the start I felt "in my 
bones" that we had made an important discovery about 
the control of the cell cycle, of which I was of course 
almost wholly ignorant at the time. Dan Distel, a student 
in the Physiology course, looked to see if any proteins 
in clam oocytes showed similar behavior. He was re- 
warded to discover that two of the translationally regu- 
lated bands, A and B that Eric, Joan, and I had described 
in 1979, showed periodic destruction during mitosis 
when we followed the labeling and sampling protocol 
that revealed cyclin in sea urchin eggs. 
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Figure 1. Slide Still Wet 
Back in 1982, we used black and white rever- 
sal film for making more or less instant slides. 
Very fine-grain, very slow but absolutely per- 
manent. This one was made for the first talk 
about cyclin at the Annual General Meeting 
of the Marine Biological L boratory, Woods 
Hole. The writing on the graph is Tom Ev- 
ans's; the writing on the autoradiograph is 
Tim Hunt's. The cleavage index represents 
the fraction of cells engaged in cytokinesis 
at that time point. The autoradiograph s ows 
[~S]methionine incorporation into protein. 
When I emerged from the darkroom waving 
this film to help dry it prior to mounting, 
Q-chan Hotani happened to be passing. "Ah, 
slide still wet!" he commented as we hurried 
down to the lecture theatre. 
Given what a simple experiment revealed their exis- 
tence, it was surprising that the behavior of cyclins had 
escaped notice for so long. There had been an important 
series of studies of protein synthesis in sea urchin eggs 
in the late 1960s, just before the invention of the SDS- 
polyacrylamide slab gel. And when the matter was taken 
up again by Bruce Brandhorst in the mid-1970s he used 
the two-dimensional system recently invented by Pat 
O'Farrell. Not only are cyclins basic proteins, and do 
not focus well, but 2-D gels are complicated to run, and 
do not lend themselves to studying dynamics. Further- 
more, Dennis Ballinger and I had spent most of one 
summer of our studies on ribosome phosphorylation 
working out how best to work up samples of fertilized 
sea urchin eggs for gel analysis; the proteases in the 
sperm acrosome proved quite troublesome. So we were 
particularly expert in running 1-D polyacrylamide gels 
of fertilized sea urchin eggs and taking carefully timed 
samples. 
Thus, the experiments published in Evans et al. (1983) 
were completed in about six intensely exciting weeks 
and first reported at the MBL general meeting held in 
Woods Hole in 1982. Unfortunately, Tom was already 
signed up to do a Ph.D. with David Secher on interferon 
at the MRC Laboratory of Molecular Biology, so he could 
not carry on the work. In any case, there were no sea 
urchins in Cambridge. Besides, the whole thing seemed 
like a dream, and people were generally somewhat skep- 
tical of our optimistic interpretation of the significance 
of cyclin. We wrote up the paper and submitted it to 
Cell, generating the immortal reviewer's comment: "This 
is wild speculation, based on faulty logic." A revised 
version was accepted for publication, and it was with 
considerable trepidation that I returned to the MBL the 
next summer, lest it had indeed been a complete dream. 
I was extremely relieved when the cyclin bands still came 
and went away. 
Jon Pines, another project student in Cambridge, had 
set his heart on cycling across America that summer, 
and dropped in on Woods Hole on the way home. He 
took the Physiology course the following summer, which 
was the worst year for sea urchin eggs in living memory, 
thereby temporarily depriving us of material for the im- 
portant next step of making sea urchin eDNA libraries 
and identifying the clone for cyclin B. Fortunately for us, 
nobody took the whole thing very seriously until 1986, 
when Katherine Swenson and Joan Ruderman pub- 
lished their famous experiment in Cell, showing that the 
mRNA for clam cyclin A induced maturation in Xenopus 
oocytes. We were still extremely slow to realize that 
cyclin and Cdc2 were physical partners. I often think, 
looking back on it, that we, along with most others in 
the field, had wasted far too many clean thoughts on 
enzymes that were extremely and necessarily dirty. 
There are probably lessons there for the present day. 
As it used to say, deliciously ironically, in enormous 
copperplate letters in the Woods Hole Library, "Study 
Nature, not Books". 
